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(54) Trench gate MOSFET and method of making the same 



(57) In a trench MOSFET a conductive shield gate 
is formed near the bottom of the trench. The shield gate 
is insulated from the overlying active gate and, depend- 
ing on the use of the MOSFET, is connected to a con- 



stant voltage, such as ground. The shield gate reduces 
the capacitance between the active gate and the drain, 
thereby improving the ability of the MOSFET to operate 
at high frequencies, whether it is operated in its linear 
range or as a switching device. 
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Description 

Fi Id Of The Invention 

5 [0001] This invention relates to trench MOSFETs and in particular to trench MOSFETs that are suitable for high 
frequency signal amplification and switching. 

Background Of The Invention 

10 [0002] One of the most important issues in a development of transistors for high-frequency operation is the reduction 
of their internal capacitances. For MOSFETs, these capacitances fall into three categories: the drain-to-gate capaci- 
tance (C dg ), also called thef eedback capacitance (C^; the input capacitance (C iss ); and the output capacitance (C osg ). 
MOSFETs used for linear signal amplification should also be optimized in terms of maximum transconductance g m niax 
(g m =dl ds /dV gs ) and MOSFETs used for trench switching should have a minimum value of the product of their on- 

15 resistance (R ds on ) and the gate charge (Qg) needed to be supplied to the gate in order to reach a pre-defined bias V gs . 
[0003] One of the better existing devices for linear amplification applications is the one described in Gordon Ma et 
al., "High Efficiency LDMOS Trench FET for Low Voltage Wireless Communications", Proceedings of IEDM'96, pp. 
91-94. The Ma et al. device is schematically shown in the cross-sectional view of Fig. 1. In order to minimize the 
feedback capacitance C rss the metal forming the source contact metal 1 0 overlaps the gate 12 and shields the gate 

20 12 against the drain contact metal 14 by the Faraday effect. The lateral MOSFET is formed in a P-type substrate having 
a source region 1 8 and a drain region 19. A P+ region 1 7 provides a good ohmic contact between the P-substrate and 
the source contact metal 10. 

[0004] The use of a similar physical effect for lateral and vertical DMOS transistors is described in U.S. Patent No. 
5,918,137 to Ng et al. There, the drain-to-gate capacitance is minimized by providing a "lateral shield ... between the 

25 drain and the gate with at least part of the shield formed on the gate oxide layer coplanar with the gate electrode." The 
shield electrode can be connected to "AC ground" or can have a "DC bias voltage to allow modulation of the device 
linearity." This structure is illustrated in Fig. 2, where a shield electrode (or "shield gate") 21 is shown interposed 
between the gate 22 and the drain contact metal 24. Fig. 2 also shows an N+ source region 28, and a source contact 
metal 20, an N+ drain region 29, a lightly doped drain region 23, a P+ body contact region 27, and a P-body region 25 

30 (which includes the channel). The structure is formed in a P- substrate 26. 

[0005] Trench-MOSFETs, i.e., MOSFETs where the gate is located in a trench that is formed in a geometric pattern 
on the surface of the semiconductor die, are known to have a higher transconductance and a lower specific on-resist- 
ance than lateral and vertical DM OS-transistors. The structure of a prior art N-channel trench MOSFET 3 is presented 
in the cross-sectional view of Fig. 3. The MOSFET is formed on a heavily doped N+ substrate 30, on which is typically 

35 grown an epitaxial ("epi") layer 31 , which is the drain of the device. The epi layer 31 is doped with N-type material 
which becomes a lightly doped drain region 32, into which a P-body region 33 and an N+ source region 34 are implanted. 
Trenches 35 extend from the surface of epi layer 31 downward through the N+ source region 34 and the P-body region 
33 into the lightly doped drain region 32. The walls and bottoms of the trenches 35 are lined with a gate oxide layer 
36, and the trenches contain a gate electrode 37 that is typically made of polysilicon. A thick oxide layer 38 is formed 

40 over the gate electrode 37 to provide good insulation from the N-i- source region 34. Above the trenches 35 is a boro- 
phosphosilicate glass (BPSG) layer 39. A source contact metal 40 is in ohmic contact with N+ source regions 34. When 
the voltage of the gate 37 is raised, channel regions 41 along the side wails of the trenches 35 become inverted and 
allow a current to flow between the source and the drain. 

[0006] A drain-to-gate capacitor C gd is formed between the gate electrode 37 and the N region 32, with the portion 
45 of the gate oxide layer 36 along the bottom of the trench representing the dielectric. In the trench structure, the drain- 
to-gate capacitor occupies a larger area per unit area of the die than in lateral devices. Large values of C dg and a 
resulting large Q g limit the applications of trench-MOSFETs at high frequencies. One possible way to reduce the drain- 
to-gate capacitance in a trench-MOSFET is to thicken the gate oxide layer at the bottom of the trench. However, there 
is no easy and cost effective process to incorporate a thick oxide at the bottom of the trench while maintaining the 
so required thickness of the gate oxide along the side walls of the trench. 

[0007] One possible solution is described in the above-referenced Application. No [Attorney Docket No. M-820G 
US] and is shown here for reference in Fig. 4. MOSFET 4 is similar to MOSFET 3 except that at the bottom of trenches 
41 a sandwich structure is formed consisting of an oxide layer 42 at the bottom of the trench followed by a layer 43 of 
undoped polysilicon which in turn is isolated from the active gate 45 of the transistor by an oxide film 44. In this case, 
55 the undoped polysilicon layer 43 is not connected to any electrode and has a floating potential. 
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Summary Of The Inventl n 

[0008] A goal of the present invention is to improve the performance of a trench -MOSFET at high-frequency oper- 
ation. This is achieved by in effect "splitting" the gate electrode within the trench into an active gate and a shield gate 
5 and placing the shield gate between the active gate and the drain of the transistor. The shield gate is made out of a 
conductive material and is connected to a constant DC potential, i.e., an AC ground. The shield gate can be made of 
a highly doped polysilicon and can be connected to the source electrode of the transistor. 

[0009] In one aspect, the trench MOSFET comprises a semiconductor die having a trench formed in a principal 
surface of the die. The semiconductor die contains a source region of a first conductivity type located adjacent a side 

10 wall of the trench and the principal surface; a body region of a second conductivity type located adjacent the source 
region and the side wall of the trench; and a drain regjon of the first conductivity type adjacent a bottom of the trench. 
The trench contains a first insulating layer adjacent the bottom of the trench; a conductive shield gate overlying the 
first insulating layer and connected to a voltage source; a second insulating layer overlying the conductive layer; and 
a conductive active gate overlying the second insulating layer. 

15 [0010] In one embodiment, the thickness of the oxide embedding the shield gate is made thicker (e.g. by a factor of 
2 to 4) than the gate oxide separating the active gate from the body region. This further reduces the parasitic capaci- 
tances while maintaining a high value of the transconductance of the MOSFET. 

[0011] This technique can be applied advantageously to a transistor designed as a Barrier-ACCUFETin accordance 
with the above-referenced Application No 09/476,320. In that case, the height of the shield gate should be at least 1/3, 
20 and preferably 1/2, of the width of the mesa width between the trenches. The Barrier-ACCUFET allows a use of a 
thicker gate oxide for the same electrical performance of the transistor and this in turn can reduce the parasitic capac- 
itances of the device. 

[0012] This invention also includes a method of fabricating a MOSFET in a semiconductor die comprising: forming 
a trench in the semiconductor die, the trench comprising a shield gate contact region, an active device region, and an 

25 active gate contact region; forming a first insulating layer at a bottom of the trench; introducing a first layer of conductive 
material over the first insulating layer; forming a mask over the first layer of conductive material in the shield gate 
contact region; etching the first layer of conductive material in the active device and active gate contact regions; forming 
a second insulating layer over the first layer of conductive material in the active device and active gate contact regions; 
introducing a second layer of conductive material in the active device and active gate contact regions, the second layer 

30 of conductive material being insulated from the first layer of conductive material; connecting the first layer of conductive 
material to a constant voltage; and connecting the second layer of conductive material to gate drive circuitry. 
[0013] In another aspect, the method includes growing a first oxide layer on a side wall and a bottom of the trench; 
depositing a first polysilicon layer in the trench; forming a photoresist mask layer over the first polysilicon layer in the 
shield gate contact region; etching the first polysilicon layer in the active device and active gate contact regions such 

35 that a surface of the first polysilicon layer is located inside the trench; growing a second oxide layer over the first 
polysilicon layer in the active device and active gate contact regions; growing a gate oxide layer in the active device 
region; depositing a second polysilicon layer over the first polysilicon layer in the active device and active gate contact 
regions; forming a body region in the semiconductor die adjacent the gate oxide layer; and forming a source region in 
the semiconductor die. 

40 [001 4] After the deposition of the bottom oxide and the deposition of the first polysilicon layer (preferably N + -doped), 
the first polysilicon layer is partially etched back to the level coincident with the main surface of,the transistor. The first 
polysilicon layer is etched down to a pre-defined height of the shield gate and is used as a mask to etch away the first 
oxide layer from the side walls of the upper portion of the trench. The second oxide layer is growf> thermally on the 
side walls of the trench above the shield gate and on the upper surface of the shield gate itself. The oxide grown on 

45 the top of the shield gate is typically substantially thicker than at the side walls of the trench because of a difference 
in the oxidation rate. A second layer of a doped polysilicon is deposited and etched back to a pre-deterrnined level. In 
a preferred embodiment, the active gate formed in the second polysilicon overlaps the source region only slightly (e. 
g. by 0.1 urn) in order to reduce the gate to source capacitance. 

so Brief Description Of The Drawings 

[0015] The invention can be best understood by reference to the following drawings, in which like elements are 
identified by like reference numerals. The drawings are not necessarily drawn to scale. 

[0016] Fig. 1 is a cross-sectional view of a prior art device of the kind described in Gordon Ma et ai., "High Efficiency 
55 LDMOS Trench FET for Low Voltage Wireless Communications", Proceedings of IEDM'96, pp.91 -94. 

[0017] Fig. 2 is across-sectional view of a MOSFET of the kind described in U.S. Patent No. 5,91 8,1 37 to Ng et ai. 
[001 8] Fig. 3 is a cross-sectional view of a prior art trench MOSFET. 

[0019] Fig. 4 is a cross-sectional view of a MOSFET of the kind described in Application No [Attorney Docket No. 
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r00201 Fig 5 is a cross-sectional view of a first embodiment of a MOSFET in accordance with th.s mvention. 
T0021 Fig 6 is a cross-sectional view of a Barrier MOSFET in accordance with the invention 
0022 Fig". 7 is a cross-sectional view defining various dimensions in a MOSFET according to the > '™ en * or \ 
[0023] Figs. 8 and 9A-9B through 13A-13B illustrate the steps of a process of fabricating a MOSFET according to 
this invention. 

Description Of The Invention 

[0024] Fig. 5 is a cross-sectional view of afirst embodiment of a MOSFET in accordance with this invention MOSFET 
5 is formed in a semiconductor die 55 that includes an N + substrate 50 and an overly, ng epi layer 51 Epi layer 51 
wten originally grown, is doped with N-type material relatively lightly as compared with N + substrate 50. A P-body 
regton « Z an 9 N + source region 54 are later implanted into epi layer 51 .. N + substrate 50 and the N-Uype c nfl region 
52 of epi layer 51 together form the drain of MOSFET 5. (The region adjacent the pnncpal surface of the die « i m 
which the trenches are formed is referred herein as the source; the region adjacent the other pnncpal surface of the 
die 55 is referred to as the drain.) . „ n +ho 

[0025] It will be understood by those skilled in the art that trenches 51 are formed in a geometrical pattern < on the 
surface of die 55. For example, trenches 51 could be in the form of longitudinal stripes or they could define a number 
of closed MOSFET cells in the form of a square or hexagon or any other arbitrary shape. inc!ll , a « na 
20 [0026] Within the trenches 61 are: an oxide layer 62 at the bottom of the trench wh,ch repr^ente a ftrsj msu laMng 
ayer; a shield gate 63 overlying the oxide layer 62; an oxide layer 64 which represents a second insulat n flayer 
overlying the shield gate 63; and an active gate 65 overlying the oxide layer 64. Overlying the active gate 65 is a thick 
oxfde ayer 58 which provides good insulation between the active gate 65 and the N + source region 54^ gate ox de 
66 lis adjacent side JSl of the trench 61 . separating the active gate 65 from the P W «L Above the 
trench 61 is a borophosphosilicate glass (BPSG) layer 59, which further insulates the active gate 65 frorr ■ the N + source 
region 54 and a source contact metal 60, which makes ohmic contact with the N + source region 54. A dram contact 
metal on the opposite side of die 55 is not shown. A contact for the P-body region 53 is made in the third dimension 
from the plane of the drawing and is likewise not shown. Q i~-,i~ 0 ih# 
[0027] As described further below, shield gate 63 is heavily doped with N-type material and is connected e ectncal^ 
to a voltage source which can be a constant DC voltage, i.e., an AC ground. In one embodiment the sh .eld £ate .s 
connected to the N + source region 54 via the source metal 60. Shield gate 63 thus electnea ly shields the act™ gate 
65 from the N-type drift region 52 (drain) and substantially reduces the gate-to-dra.n capacitance C^ between these 
two elements. This greatly improves the switching speed of the MOSFET as well as the response time of the MOSFET 

5£T Spates the principles of this invention used in a Barrier-ACCUFET 6 of the kind described , ,„ the 
Lbove-referenced Application No. 09/476,320. The doping of the drift region 72 between the trenches 71 and the width 
of the mesa between the trenches 71 are chosen in a way to assure a full depletion of the porton of the drift : reg»n 72 
between the trenches 71 when Barrier ACCUFET 6 is turned off. This in turn, provides a current pinching effect in the 
S^ton 72 an! J reduces the electric field at the PN-junction between the drift region 72 (drain) and the P-body region 
53, allowing a shorter channel and less charge in the body region 53 without punchthrough behavior. ^ef°re^ Bar- 
rier-ACCUFET 6 can be designed with a thicker gate oxide layer 66 and yet have a low threshold voltage equivalent 
tothatofthetrench-MOSFET5shown in Fig. 5. * . h „,„ ht „ fth - 

[0029] In order to realize the current-pinching effect in the drift region 72 between the ^"^^.^ 
shield gate 75 should be to greater than 1/3 of the width M of the mesa. In the preferred embodiment the sh.e d gate 
height fs equal to about % M The oxide layers 72 and 74 below and above the shield gate 73 are significant* thicker 
than the gate oxide layer 66 to further reduce the drain to gate capacitance. 

[0030] As described in the above-referenced Application No. 09/476,320, the portion of the drift ^" 72 will be 
depleted when Barrier ACCUFET is turned off if the net charge density of N-type ions in the portion of the drift region 
72 within the mesa is no greater than 5x10^ crn^, measured with reference to a plane perpendicular to the principal 
surface of the die 55 and calculated as an . integral of the net doping concentration across the width M of the mas^ 
This allows the net charge density of P-type ions in the body region 53 to be less than the ' evel ^ at i ^ h n °^ a ' , y 
be required to avoid punchthrough behavior. This level is generally accepted as being s.gnifican tly higher than 1 ^5 x 
1012 1-2 measured with reference to a plane parallel to the principal surface of the die and calculated as an .ntegral 
of the net- doping concentration in the body region between (i) the PN junction between the N + source region 54 and 
the P-body region 53 and (ii) the PN junction between the P-body region 53 and the N drift region 72 (drain). 
[0031] Fig. 7 defines various dimensions of the Barrier ACCUFET 6 of Fig. 6 as follows: 

TR_w is the width of the trench. 
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Tr_d is the depth of the trench. 
M is the width of the mesa. 

Gox is the thickness of the gate oxide layer adjacent the chann I region. 
Gate is the depth of the active gate. 

Box is the thickness of the bottom oxide layer as well as the thickness of the oxide layer between the active and 
shield gates. 

S_gate is the depth of the shield gate. 

[0032] Table 1 provides a comparison of the above parameters for prior art MOSFET 3 (Fig. 3), prior art MOSFET 
4 (Fig. 4), MOSFET 5 (Fig. 5) and Barrier ACCUFET 6 (Fig. 6). 

Table 1 



Device 


Tr_w 
(M-m) 


Tr_d 
ftim) 


M 
(u.m) 


Gox 

(A) 


Gate 
(u.m) 


Box 

(A) 


S_gate 
(u.m) 


Fig. 3 


0.7 


0.85 


1.0 


300 


0.7 






Fig. 4 


0.7 


1.2 


1.0 


300 


0.7 


1000 


0.2 


Fig. 5 


0.7 


1.2 


1.0 


300 


0.7 


1000 


0.2 


Fig. 6 


0.7 


1.4 


1.0 


500 


0.7 


1000 


0.4 



[0033] The impact of the invention on the performance of the trench-MOSFETs will be illustrated with two application 
examples. The devices from Table 1 have been designed for a max rating of 20V. 

RF-Amplifiers 

[0034] The designers of RF-amplifiers for linear signal amplification demand transistors with high g mirnax and Iow 
capacitances, resulting in a high gain, low distortion and high cut-off frequency of the amplifier. Table 2 compares the 
performance of the devices listed in Table 1 with the calculated performance of a Ma et al. device of the kind shown 
in Fig. 1 having a gate length of 0.6 |xm and a gate oxide thickness of 250 A. 

Table 2 



Device 


w 

(mm) 


(mS) 


Orss 
(PF) 


C Iss 
(PF) 


w oss 
(PF) 


F T 
(GHz) 


Fig. 1 


.3.57 


140 


0.47 


3.02 


2.34 


9.5 


Fig. 3 i 


2.86 


412 


2.56 


2.60 ■; 


6.00 


12.8 


Fig. 4 


2.86 


409 


1.46 


1.49 


5.10 


i 11.0 


Fig. 5 


3.18 


441 


0.51 


1.54 


5.15 


13.6 


Fig. 6 


3.85 


329 


0.30 


1.81 


3.75 


13.9 



[0035] In Table 2, g mirTiax is the maximum transconductance calculated from the l ds (Vgs) characteristics for V ds =2V. 
The devices have been scaled to have the same maximum output current of 0.5A. The required channel width (W) has 
been calculated for each device using the maximum output current to be the l ds max at which the transconductance g m 
drops by 10% from its maximum value. The capacitances have been calculated for the pre-determined channel width 
at bias conditions corresponding to an operational point of V gs =V ds =2V, The cut-off frequency F T is defined by: 
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The Barrier-ACCUFET device shown in Fig. 6 has th best overail performance, with a much lowerfeedback 
capacitance C res and a much higher transconductance G^^ than the Nte et'al. device-of-Rgrl . - 

DC/DC Converters 

[0037] Table 3 shows a comparison of various parameters relevant to the operation of a switching transistor for a 
DC/DC converter. 



Table 3 



Device 


R ds,on A 
mfl/cm 2 


Qg/A 
nC/cm 2 


nF/cm 2 


C ISS /A 
nF/cm 2 


0 0 JA 
nF/cm 2 


Rds,on Q 9 

mnnC 


Fig.3 


0.133 


723 


18.4 


41.1 


18.6 


96 


Fig.4 


0.135 


606 


13.9 


35.9 


14.0 


82 


Fig.5 


0.143 


496 


5.1 


41.2 


18.9 


71 


Fig.6 


0.192 


306 


3.1 


37.2 


19.8 


59 



[0038] The data in Table 3 have been calculated for the following conditions: 
Rds.onA for V gs =2.5V and V ds =0. 1 V, 
Qg/A for V gs =5V, 
C xx /A for V^OV and V^l 0V. 

[0039] A figure of merit for high-frequency DC/DC converters is the product of specific on-resistance R ^A ^mul- 
tiplied by the gate charge (O/A) required to charge the gate during turn-on (R ds ,onA • Qg/A = R^n Q g ), which should 
be as low as possible. A Barrier-ACCUFET device designed according to the present invention (Fig. 6) shows the best 
performance also for applications in DC/DC-converters. The value of the figure of merit R^ Q g is reduced by 40 /o 
as compared to the conventional Trench-MOSFET of Fig. 3 . 

[0040] Figs. 8 and 9A-9B through 13A-13B illustrate a process of fabricating a trench device in accordance with 

[004lT n Fig" 8 shows a top view of a segment of a trench 8 which could be part of any type of trench geometry, e.g 
a striped cell or a closed cell design. Trench 8 includes shield gate contact region 82, an active device region 84, and 
an active gate contact region 86. In this embodiment, shield gate contact region 82 and active gate contact region 86 
are somewhat wider than active device region 84, but this need not be the case in all embodiments. The cross-section 
lines labeled A-A and B-B identify the sections at which Figs. 9A-13A and Figs. 9B-13B, respectively, are taken, with 
one difference. |t will be noticed that, while the cross-section B-B of Fig. 8 crosses only a single trench, the cross- 
sections of Figs. 9B-1 3B show a pair of trenches on either side of a mesa. 

[0042] The process flow presented in Figs. 9 to 1 3 is based on a process flow used in a fabrication of a conventional 

rao43] h M As S sh^wn in Figs. 9A and 9B, the starting material is an N+-substrate 90 with an N-type doped epitaxial layer 
92 Figs 9A and 9B show the device afterthe trenches 94 have been formed in a conventional manner, which includes 
trench etch rounding of the trench corners, and the deposition and removal of a sacrificial oxide along the walls and 
bottoms of the trenches. After the thermal growth of an oxide layer 96 on the walls and bottoms of the trenches and a 
deposition of a first, N+-doped polysilicon layer 98, the polysilicon layer 98 is partially etched back so that the top 
surface is roughly at the level of the main surface of the epitaxial layer 92. An oxide layer 1 00 is grown on the surface 
of the mesa between trenches 94. In this embodiment the trench 94 does not extend entirely through the epitax.al layer 
92 but in other embodiments the trench may extend into the substrate 90. 

r0044] As shown in Figs. 10A and 10B, a photoresist mask 102 is deposited and patterned to define the shield gate 
contact region 82, i.e., the area which will be used for a contact to the shield gate. The first polysilicon layer 98 is etched 
down to a pre-determined level which will be the top surface 104 of the shield gate 106 (Fig. 10A). The photoresist 
mask 102 is removed, and the oxide layer 96 is etched away from the trench side wails above the shield gats ,0-. 
The remaining portion of oxide layer 96 beneath the shield gate 1 06 will become the bottom oxide layer. 
[0045] An oxide layer 1 08 is grown thermally on the top surface of the shield gate 106 and on the walls of the trenches 
94 above the shield gate 106. Oxide layer 108 will become the gate oxide layer separating the active gate from the 
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channel of the transistor and insulating th shi Id gate 1 06 from the active gate. A second N + -doped polysilicon layer 
1 1 0 is deposited, providing th mat rial for the active gate 1 09. The second polysilicon layer 1 1 0 is "over-etched" back 
until its top surface is below the top surface of the epitaxial layer, within the trenches 94 (Fig. 1 1 B). The over-etch time 
is us d to minimize th final overlap of the active gate with the source region. A thick oxide layer 111 is formed on top 
s of the active gate 1 09. 

[0046] The rest of the process follows the conventional process flow. As shown in Fig. 12B, P-body regions 114 and 
N+- source regions 1 1 2 are formed by implantation and annealing. A BPSG-layer 1 1 6 is deposited and contact windows 
are etched using an appropriate mask. As shown in Fig. 13A, the shield gate 106 is contacted by metal contact 118 
in the shield gate contact region 82, and the active gate 1 09 is contacted by metal contact 1 20 in the active gate contact 
10 region 86. 

[0047] A metal layer is deposited and patterned using an appropriate mask. As shown in Figs. 13A and 13B, metal 
contact 118 forms a contact to both the shield gate 106 and the N+ source regions 112. Metal contact 120 contacts 
only the active gate 1 09. 

[0048] The specific embodiments described herein are intended to be illustrative only and not limiting. Many alter- 
15 native embodiments will be obvious to persons skilled in the art from the embodiments described herein. 



Claims 

20 1 . A trench MOSFET comprising: 

a semiconductor die having a trench formed in a principal surface of the die, the semiconductor die containing: 

a source region of a first conductivity type located adjacent a side wall of the trench and the principal 
25 surface; 

a body region of a second conductivity type located adjacent the source region and the side wall of the 
trench; and 

30 a drain region of the first conductivity type adjacent a bottom of the trench; 

the trench containing: 

a first insulating layer adjacent the bottom of the trench; 

35 a conductive sh ield gate overlying the first insulating layer and connected to a constant voltage source; 

a second insulating layer overlying the conductive layer; and 

a conductive active gate overlying the second insulating layer. 

40 

2. The trench MOSFET of Claim 1 wherein the shield gate comprises polysilicon doped with positive or negative 
impurity atoms. * ■ 

V 

3. The trench MOSFET of Claim 1 or 2 wherein the shield gate is connected to the source region. 

45 

4. The trench MOSFET of Claim 1 , 2 or 3 wherein the first insulating layer comprises an oxide. 

5. The trench MOSFET of Claim 2, 3 or 4 wherein the second insulating layer comprises an oxide. 

so 6. The trench MOSFET of Claim 1, 2, 3, 4 or 5 wherein the trench comprises a gate insulating layer adjacent the 
body region at a side wall of the trench. 

7. The trench MOSFET of Claim 6, 7 or 8 wherein the second Insulating layer has a thickness that is greater than a 
thickness of the gate insulating layer. 

55 

8. The trench MOSFET of Claim 9 wherein the second insulating layer is at least twice as thick as the gate insulating 
layer. 
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9. Thetrench MOSFET of Claim 6, 7 or 8 wherein the first insulating layer has a thickness that is greater than the 
thickness of the gate insulating lay r. 

10. The trench MOSFET of Claim 7, 8 or 9 wherein the first insulating layer is at least twice as thick as the gate 
5 insulating layer. 

11. The trench MOSFET of Claim 9 wherein the trench comprises a fourth insulating layer adjacent the conductive 
shield layer and the drain region. 

10 1 2. The trench MOSFET of Claim 1 1 wherein the fourth insulating layer has a thickness that is greaterthan the thickness 
of the gate insulating layer. 

13. The trench MOSFET of Claim 1 wherein the trench comprises first and second sections which define a mesa. 

15 1 4. The trench MOSFET of Claim 1 3 wherein a portion of the drain region wrthin the mesa is depleted when the trench 
MOSFET is turned off. 

15- The trench MOSFET of Claim 13 wherein the drain region comprises a heavily-doped region and a lightly-doped 
drift region. 

16. The trench MOSFET of Claim 15 the drift region extending into the mesa, a portion of the drift region within the 
mesa being depleted when the trench MOSFET is turned off. 

17 The trench MOSFET of Claim 15 wherein the net charge density of ions of the first conductivity type in the portion 
* of the drift region within the mesa is no greaterthan 5 x 1 0« cm* measured with reference to a plane perpendicular 

to the principal surface of the die and calculated as an integral of the net doping concentration across the mesa 
from the first section to the second section of the trench. 

18 The trench MOSFET of any one of the preceding claims wherein the net charge density of ions of the second 
conductivity type in the body region is no greaterthan 1 .5 x 1 0« cm* measured with reference to a plane parallel 
to the principal surface of the die and calculated as an integral of the net doping concentration in the body region 
between a PN junction between the source and body regions and a PN junction between the body and dram regions. 

19. A method of fabricating a MOSFET in a semiconductor die comprising: 

forming a trench in the semiconductor die, the trench comprising a shield gate contact region, an active device 
region, and an active gate contact region; 

forming a first insulating layer at a bottom of the trench; 

introducing a first layer of conductive material over the first insulating layer; 

forming a mask over the first layer of conductive material in the shield gate contact region; ,, 

etching the first layer of conductive materia! in the active device and active gate contact regions; 

forming a second insulating layer over the first layer of conductive material in the active device and active gate 
contact regions; 

introducing a second layer of conductive material in the active device and active gate contact regions, the 
second layer of conductive material being insulated from the first layer of conductive material; 

connecting the first layer of conductive material to a constant voltage; and 

55 connecting the second layer of conductive material to gate drive circuitry. 

20. The method of Claim 19 wherein the constant voltage is ground. 
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21. The method of Claim 1 9 wherein the constant voltage is a constant DC voltag . 

22. A method of fabricating a MOSFET in a semiconductor die comprising: 

forming a trench in the semiconductor di , the trench comprising a shield gate contact region, an active device 
region, and an active gate contact region; 

growing an oxide layer on a side wall and a bottom of the trench; 
depositing a first polysilicon layer in the trench; 

forming a photoresist mask layer over the first polysilicon layer in the shield gate contact region; 

etching the first polysilicon layer in the active device and active gate contact regions such that a surface of 
the first polysilicon layer is located inside the trench; 

growing a second oxide layer overthe first polysilicon layer in the active device and active gate contact regions; 
growing a gate oxide layer in the active device region; 

depositing a second polysilicon layer over the first polysilicon layer in the active device and active gate contact 
regions; 

forming a body region in the semiconductor die adjacent the gate oxide layer; and 
forming a source region in the semiconductor die. 

23. The method of Claim 22 comprising connecting the first polysilicon layer to a constant voltage. 

24. The method of Claim 22 comprising connecting the first polysilicon layer to the source region. 

25. The method of Claim 22 comprising connecting the second polysilicon layer to gate drive circuitry. 
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(54) Trench gate MOSFET and method of making the same 



(57) In a trench MOSFET (5) a conductive shield 
gate (63) is formed near the bottom of the trench (61). 
The shield gate is insulated from the overlying active 
gate (65) and, depending on the use of the MOSFET, is 



connected to a constant voltage, such as ground. The 
shield gate reduces the capacitance between the active 
gate and the drain (52), thereby improving the ability of 
the MOSFET to operate at high frequencies, whether it 
is operated in its linear range or as a switching device. 
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